Theory for why dioecious plants have equal length sex chromosomes.
Dioecy and sex chromosomes almost certainly evolved from ancestral hermaphrodites that only possessed autosomes. There is a growing body of evidence that genes for female or male function were then epigenetically suppressed in some of these hermaphrodites, creating the first males or females and nascent sex chromosomes. The incipient sex-determining epigenetic signals, such as cytosine methylation, then drove Muller's ratchet in many animals, resulting in shorter Y chromosomes. Based on this theory of sex chromosome evolution and limited data on gametophyte gene expression, I argue that plants should be largely immune from Muller's ratchet and therefore retain their ancestral state of equal length sex chromosomes, unless they incur chromosomal rearrangements or large-scale insertions of duplicated genomes. Usually heteromorphic sex chromosomes canalize dioecy, but extensive polyploidy or polysomy can provide an escape from this canalized dioecy. This theory implies that dioecy due to heteromorphic sex chromosomes should be evolutionarily ephemeral in bryophytes and homosporous pteridophytes because of their extraordinarily high incidences of polyploidy. And, if anything, these very high incidences of polyploidy are responsible for translocation or gradual addition of beneficial genes, rather than gradual reduction in the length of a sex chromosome.